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Abstract 

A review of records of gynandromorph specimens in the genus Ornithoptera Boisduval is 
presented, with the causes of gynandromorphism in insects briefly discussed. Most Ornithoptera 
gynandromorphs are known from O. priamus (Linnaeus), which probably reflects the number of 
specimens available as opposed to an unusual tendency towards gynandromorphism in this 
species. Gynandromorphs are also known of O. croesus lydius (Felder), O. victoriae regis 
(Rothschild), O. goliath Oberthür, and the Australian taxa O. priamus pronomus (Gray), O. 
richmondia (Gray) and O. euphorion (Gray). 

Introduction 

A gynandromorph is an organism whose genotype simultaneously expresses 
aspects of both male and female morphology in the phenotype. 
Gynandromorphism is generally attributed to genetic errors associated with 
cell division, with different errors at different stages of development believed 
to produce different types of gynandromorph (Pereira et al. 2003, Richards 
and Davies 1977, Wigglesworth, 1972). Gynandromorphs are exceedingly 
rare in nature and are only obvious where there is strong sexual dimorphism. 
The phenomenon has been most commonly observed in insects, where the 
phenotypic expression of sexual difference is not mediated by the prevailing 
endocrine environment. Gynandromorphism has also been recorded in birds, 
where other processes have been postulated, including the suggestion that sex 
chromosome genes acting within individual cells directly contribute to sex 
differences in cell function (Agate et al. 2003). 


The precise mechanism leading to gynandromorphism is not well understood 
in butterflies, in which sex is determined by a WW/WZ system, with the 
heterogametic sex (ie WZ) being the female, the reverse of the condition 
found in mammals and most other insects. It is better understood for the 
horka mutation of the vinegar fly Drosophila melanogaster (Meigen, 1830) 
(Szbad et al. 1995). All known mechanisms of Drosophila 
gynandromorphism rely on the zygote (fertilised egg that has not yet 
undergone division or cleavage) having an initial chromosome component of 
X'X (male), and subsequent loss of the XY chromosome. 


In D. melanogaster, the horka mutation produces gynandromorphs due to 
nondisjunction, where chromosome inheritance to ‘daughter’ cells is 
inhibited. For horka, all chromosomes except X” are unreliably inherited 
during cleavage and subsequent cell divisions producing the blastula (Szbad 
et al. 1995). If the X chromosome is not inherited by one of the cells 
produced at cleavage, its absence will likewise be inherited by all ‘daughter’ 
cells. As the two cells produced at cleavage subsequently proliferate into 
what later become the lateral halves of the adult organism, this type of error 
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may ultimately produce a phenotype whose lateral halves are of opposite sex 
(bilateral gynandromorph). Localised loss of the X chromosome later in 
development is also believed to produce gynandromorphs whose phenotype 
is a mosaic of both male and female morphology (Richards and Davies, 1977; 
Wigglesworth 1972) (mosaic gynandromorphism). 


Additional causes of gynandromorphism in insects include fertilisation of 
binucleate ova, replacement of mitotic cell division with meiosis and 
fertilisation by multiple sperm, which may fuse and act as a second nucleus 
(Pereira et al. 2003, Richards and Davies 1977, Wigglesworth 1972). 


Gynandromorphism in Ornithoptera 

Ornithoptera Boisduval, 1832 is a genus of thirteen species of swallowtail 
butterflies restricted to the Australasian biogeographic region (ie. east of 
Wallace’s line) (Parsons 2000). Three species, O. richmondia (Gray, 1852), 
O. euphorion (Gray, 1852) and O. priamus (Linnaeus, 1758), occur within 
Australian territories (Braby 2000). Along with two additional genera 
(Trogonoptera Rippon, 1890 and Troides Hiibner, 1819), the Ornithoptera 
are popularly known as birdwings and have attracted considerable scientific 
interest in the areas of taxonomy (e.g. Hancock 1983; 1991; Braby et al. 
2005), conservation ecology (Collins and Morris, 1985, Sands et al. 1997, 
Sands and New 2002) reproductive biology (Orr, 1988) and general ecology 
(Matsuka 2001, Parsons 2000). As this genus includes some of the largest 
and most spectacular of all Lepidoptera, they are much prized by amateur 
collectors (Collins and Morris, 1985). All species (excluding O. alexandrae 
(Rothschild, 1907)) are presently bred in ranching programs, with large 
numbers sold internationally to collectors. Trade in these species is monitored 
under Appendix 2 of the Convention on the International Trade in 
Endangered Species (CITES) (United Nations Environment Programme, 
World Conservation Monitoring Centre, 2007). 


Ornithoptera is an ideal genus to review for gynandromorphs as all species 
exhibit spectacular sexual dimorphism, such that extremely small areas of 
male tissue may be visible on a female wing, and vice versa. Moreover, the 
trade in aberrant Ornithoptera results in a high rate of reporting (if only in 
sales catalogues) and there is extensive literature describing and illustrating 
even the slightest variations observed in most species (e.g. D’Abrera 2003; 
Otani and Kimura 2001, Schaffer 2001). A thorough review of literature 
yielded a large number of Ornithoptera gynandromorph records, which are 
presented in Table 1. Only specimens clearly identified as natural 
gynandromorphs are presented because some fraudulent material has been 
‘manufactured’ and advertised for sale on the internet in recent years (eg. a 
purported O. x allottei (Rothschild, 1914) gynandromorph, consisting of the 
body and left wings of a female O. victoriae regis (Rothschild, 1895) with the 
right wings of a male O. priamus urvillianus (Guérin-Méneville, 1830)). 
Elements of the Ornithoptera wing pattern defined by Haugum and 
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Low (1978) are used to describe the gynandrous phenotype of individual 


specimens. Ornithoptera taxonomy used here follows that presented by 
Parsons (2000) and Braby (2004). 


Fig. 1 Mosaic gynandromorph of O. priamus pronomus collected by H. Elgner at 


‘Cape York’, Queensland, on 17 February 1907. Specimen in the Australian Museum. 
above: upperside, below: underside. 


108 Australian Entomologist, 2010, 37 (2) 


Table 1. List of known Ornithoptera gynandromorphs, including for each specimen, 
collection locality, gynandromorph type, description of phenotype, literature 
references and current repository. Abbreviations: LH (left half); RH (right half); FW 
(forewing); HW (hindwing); D (dorsal wing surface); V (ventral wing surface); AM 
(Australian Museum); British Musuem (Natural History) (BM(NH)); IFTA (Insect 
Farming and Trading Agency, Papua New Guinea); P (various private collections). 


Species Locality Type Phenotype Reference and 
Group Taxon Repository 
euphorion Australia Mosaic 3 overall with 9 Schiffer (2001) 
(Kuranda, scalingonRHFW_ p 
Queensland) and HW. Halved 
genitalia. 
richmondia Australia Mosaic © overall with Sands and Scott 2002 
(Queensland?) partial @ radial Photograph only 
band on RHF W 
apex. 
priamus Australia Mosaic Figure 1. Common and 
pronomus (‘Cape York’, Waterhouse 1972 
Queensland) (as O. priamus 
poseidon) 
AM: 
priamus Papua New Bilateral LH male, RH 9; Haugum and Low 
admiralitatus Guinea abdomen 1978 
Rothschild, (Trobriand bilaterally P 
1915 Isl.) divided. 
priamus Papua New Bilateral Not figured; LH Parsons 2000 
admiralitatus Guinea 3; Received by Not specified 
(Admiraly Is.) IFTA. 
priamus New Guinea Bilateral LH ĝ, RH 9; D’ Abrera 2003 
poseidon (no locality) abdomen BM(NH) 
bilaterally 
divided. 
priamus Papua New Mosaic LH dw. 2 Otani and Kimura 
poseidon Guinea scaling on HWV; 1998; 
(Aseki, RHQ w. 8 Matsuka 2001 
Morobe scaling on HW. P 
Province) Abdomen w. 3 


genitalia, mostly 
© dorsally, mostly 
6 ventrally. 
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Species Locality Type Phenotype Reference and 
Group Taxon Repository 
priamus Papua New Mosaic Predominantly 3; | Matsuka 2001 
poseidon Guinea (Aseki, RHFW mostly 2 P 
Morobe w. partial ĝ radial 
Province) band; LH 6 w. Q 
scaling on HW 
tornus and FW 
apex. 
priamus Indonesia Mosaic Predominantly 9; Otani and Kimura, 
poseidon (Nabire, FW w. partial £ 1998 
Papua radial streak and P 
province) evidence of black 
median stripe. 
Overall markings 
diffuse w. much 
iridescence. 
priamus Papua New Mosaic LH 9;RH ĝ w. Parsons (1999) 
urvillianus Guinea limited 9 scaling JIFTA 
(Bougainville on HW. 2 
province) abdomen w. 3 
scaling. Ranched. 
croesus Indonesia Bilateral LH 6, RH 9; Parrott and Schmid, 
lydius (Halmahera abdomen 1984 (in Parsons 
Is.) bilaterally 2000) 
divided. P 
victoriae Papua New Mosaic FW generally 3 D’ Abrera 2003 
regis Guinea with © markings; Howarth 1977 
(Bougainville HW ¢ with 9 BM(NH) 
province) pattern and ĝ 
scaling. 


Several Ornithoptera gynandromorphs that lack a formal literature reference 
but are otherwise well known to collectors via the internet are also presented. 
They are listed separately to those discussed in literature (Table 2). 
Specimens of female O. priamus poseidon and O. aesacus with iridescence 
on the wings not taking the form of defined markings are not considered to be 
gynandromorphs. 


Australian Ornithoptera gynandromorphs 

Of the three known Australian Ornithoptera gynandromorph specimens, only 
one resides in an Australian collection. This specimen, a mosaic 
gynandromorph of O. priamus pronomus (Figure 1), was collected at “Cape 
York’, Queensland, by H. Elgner on 17 February 1907. It is currently lodged 
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in the Australian Museum. This specimen was incorrectly referred to as a 
specimen of O. priamus poseidon (Doubleday, 1847) by Common and 
Waterhouse (1971). A gynandromorphic specimen of O. euphorion held in a 
private collection in Germany was figured on both surfaces by Schiffer 
(2001) and is described as originating from Kuranda, Queensland. It is most 
likely a captive bred specimen. A second, bred mosaic gynandromorph of O. 
euphorion is also known and will be discussed in a forthcoming article 


A gynandromorph of O. richmondia figured by Sands and Scott (2002; pages 
8 & 46) was predominantly female with a partial male radial band. It does not 
appear to have been collected and was not recognised in text as a 
gynandromorph by Sands and Scott (2002). The provenance of this 
photograph was not cited. 


Table 2. Ornithoptera gynandromorphs sighted via the internet with no literature reference 
(‘anecdotal’ records). 


Taxon Locality Type Phenotype 

goliath Indonesia Mosaic Predominantly 9; RHFW mostly 3 w. slight 
(Papua © influence; LHFW w. partial ¢ radial band. 
province) Ranched. 

goliath Indonesia Mosaic © w. partial 3 cubital band on LHFW. 
(Papua Ranched. 
province) 

goliath ? Bilateral LH ĝ, RH 9. 


Other notable Ornithoptera gynandromorphs 

Ornithoptera gynandromorphs have also been reported for O. priamus, O. 
croesus lydius (Felder, 1865) and O. goliath Oberthür, 1888, with the 
majority of specimens known from O. priamus subspecies (Appendix 1). The 
higher frequency of gynandromorphs for the latter taxa probably reflects its 
abundance through much of its natural range (Parsons 2000) and the quantity 
of specimens collected for trade, as opposed to a genuinely higher frequency 
of gynandromorphism. Trade in O. priamus subspecies represent some 47% 
of all Ornithoptera trade monitored by CITES, with at least 158,369 
specimens exported from Indonesia, Papua New Guinea and the Solomon 
Islands between 1985 - 2005 (United Nations Environment Programme, 
2007). 


Three gynandromorphs of O. goliath were also examined from a series of 
detailed photographs published on the internet between 2001 - 2010 
(Appendix 2). Additional Ornithoptera gynandromorphs known to the author 
from anecdotal reports alone have been omitted because it was impossible to 
independently verify their existence or the nature of their phenotype. It is 
hoped this paper will encourage those with gynandromorph specimens of any 
insect taxon to publish detailed photographs and descriptions in appropriate 
literature. 
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